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影响。本实验通过使用 NO 载体类药物硝酸甘油，观察提高 NO 浓度对大鼠骨折
愈合的影响。 
方法：选取 54 只健康雌性 SD 大鼠，采用开放截骨骨折模型，造模成功后随机
分为三组，A 组为空白对照组、B 组予硝酸甘油 0.2mg/Kg/d 涂抹 5 周（低剂量
组）、C 组予硝酸甘油 1.2mg/Kg/d 涂抹 5 周（高剂量组）。各组于术后 2、5 周行
X 线检查，对骨痂生长情况进行评估，并采用盲法进行骨折愈合评分。X 线检查









（2）Micro-CT：术后 2 周及 5 周低剂量组 TV、BV、BVF 的定量值较其他





值，结果显示术后 2、5 周组间均有有显著性统计学差异（P＜0.05）。 



























































Objective :NO plays an important role in the process of fracture healing. To our 
knowledge, there has been no study to date on the assess the effectiveness of NO on 
bone healing . The purpose of this study was to identify the impact of NO via donor 
nitroglycerin(NG) on the bone healing in rats.  
Methods：Fifty-four female S-D rats , aged twelve weeks , were enrolled in this 
study.The open osteotomy model was choosen .The rats were then randomly assigned 
to three groups , Group A were treated with placebo , Group B were treated with 
NG(0.2mg/Kg/d) after surgery , Group C were treated with NG (1.2mg/Kg/d) after 
surgery . Bone callus and average healing scores were evaluated by radiographs in 2,5 
weeks after operation .Six rats of every group were killes at 2 , 5 weeks after radio-
graphs and checked with micro-CT ,the parameters of micro-CT included 
BV,TV,BVF.Subsequently ,the specimen were performed with histomorphometry , to 
evaluate the density of mean trabecular plate of each group . 6 rats of every group at 
five weeks were killed and the bones were tested mechanically by a three-point bend-
ing test .The results of group were compared with each others . All results were ana-
lysed with statisical software SPSS 17.0. 
Results：Eight rats had to be eliminated due to failure of fixation and death before the 
study endpoint .Then , we supplement the rats again.  
(1)Radiological examination:X-ray film of 2,5 weeks after operation of frac-
ture showed the bone callus in low-does groups were more plentiful than other 
groups.while,the callus of  high-does groups grew later and less. The average frac-
ture healing score of group were shown to be significantly differences between with 
three groups(P＜0.05）. 
(2)Micro-CT:In the low-does groups,TV、BV and BVF was higher than the 
others at 2 weeks and 5 weeks.In the high-does groups,the values of these parameters 
















(3)Histological examinations:Compared with other groups , the low-does 
groups got more the formation of trabeculae at 2,5weeks . The trabeculae bone grew 
very sparse in high-does groups . the bone trabeculae density showed there were sta-
tistically significant differences between with three groups(P＜0.05）. 
(4)Biomechanics test:At 5 weeks, the maximum load of the low-does groups 
was higher than the control groups as percentage as 6.4%, there were no significant 
difference between two groups (P>0.05).While, the control groups was higher than 
the high-does groups as percentage as 58%.The biomechanics date showed there were 
statistically significant differences between with them (P＜0.05）. 
Conclusion : 
1、NG can affect on the bone healing in rats. 
2、The low-does NG can improve the volume of the bony callus after fracture ,which 
is beneficial to fracture healing ; The high-does NG is significantly reduce callus  
growth ,delay fracture healing and increase the rate of nounion. 
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成。NOS 是体内 NO 合成的限速酶，NOS 有三种不同的表型，分别为神经型 NOS
（nNOS）、内皮型 NOS（eNOS）及诱导型 NOS（iNOS）。研究证明 NO 在组织
修复过程中发挥重要作用。NOS 广泛存在于骨骼系统，有研究显示在骨折后 24
小时内可观察到 iNOS 的表达，其表达与初始炎性反应的阶段一致，随后 eNOS
的表达也逐渐增多，而在正常的骨皮质未能检测到 NOS 的表达[8, 9]。体外实验证
实在骨折的愈合过程中 NO 的合成可以刺激 BMPs 等生长因子的表达[10]，增强成
骨细胞的活性[11]，促进局部血液循环及毛细血管的生成[12]，而且 NO 能通过多
条途径促进软骨细胞肥大[13]，还有的学者认为机械应力诱导的新骨形成，有部
分是通过 NO 诱导的[14-16]。 
有文献报道增加 NO 的合成有促进成骨的作用。Diwan 等[8]在不同组的大鼠

















NO 组的大鼠骨痂横截面积增大 20%。Sinha 等[17]发现在兔的尺骨截骨模型中，
增加赖氨酸与精氨酸等 NO 合成的原材料，能促进截骨端的血管生成及骨基质的
矿化；Baldik 等[18]在骨缺损的大鼠模型实验中移植物携带 NO 供体的亚硝基牛血
清白蛋白，结果显示其成骨水平明显好于未携带 NO 供体的骨缺损大鼠。CJ Wang
等[19]用微波治疗骨折不愈合的患者，监测不同时间段 NO、TGF- β1、 VEGF 及 
BMP-2 等实验指标，结果发现只有术后 1 个月血清 NO 水平明显升高的患者，
在 6 个月后能成功愈合。以上证据显示提高 NO 合成可能有利于骨折的愈合，但


































硝酸甘油软膏 加拿大 Paladin 公司 
注射用青霉素钠 80 万单位/支 福建汇天生物药业有限公司 
速眠新注射液 2ml/支 吉林省华牧动物保健品有限公司 
盐酸氯胺酮注射液 2ml/支 福建古田药业有限公司 
0.9%氯化钠注射液 500ml/袋 青岛华仁药业股份有限公司 
0.5%碘伏 250ml/瓶 福清安阳消杀药械有限公司 
75%酒精 500ml/瓶 江西草珊瑚消毒用品有限公司 
2.12 实验主要仪器 
仪器名称  




Image-pro5.0 软件 组织学图片分析软件 
SPSS17.0 软件 统计学分析软件 
 
2.2 实验动物 
























予 10ml 注射器针头行开口，后采用 1mm 直径克氏针沿着开口逆行插入髓腔直
至针尖触及股骨大转子。固定牢靠后，紧贴关节面剪断针尾。取股骨外侧中段为
手术入路，做一长约 2cm 切口，沿着肌间隔钝性分离暴露股骨，于中段处以锋
利骨剪横行剪断股骨，逐层缝合切口（图 2.1）。术后送至影像中心行 X 线透视，
剔除非中段横行骨折模型大鼠。 
 
图 2.1 骨折模型制作简易模拟图：①10ml 针头开口②逆行插入克氏针③锋利
骨剪剪断股骨中段 
2.4 分组及干预措施 
将所有已造模成功的大鼠采用随机方法分为三组，其中 A 组 18 只，为对照
组，单纯骨折模型，不作处理；B 组 18 只，为小剂量组硝酸甘油组，剂量为


























术后第 2、5 周将所有大鼠进行 X 线摄片，投照体位要求：仰卧位，右侧股
骨屈髋屈膝尽量成 90°角。曝光条件：45KV，1KV，间隔 0.08s，50mA。根据





2.5.3 Micro-CT 检测 
术后第 2、5 周，行 X 线检查后的大鼠每组随机选取 6 只并处死，留取右侧
股骨，拔出股骨髓内克氏针，仔细剔除周围软组织，同时注意保护骨痂，切取中
段的骨组织置于 10%福尔马林溶液固定，固定 24-48h 后行 Micro-CT 检测。将样
本置于 Micro-CT 系统中，沿标本的长轴方法扫描，能量设为 55KVP，电流设为
145uA,间隔 200ms，获取连续的 Micro-CT 图像。扫描完成后在主机上手动圈出 
兴趣区域（range of interests,ROI），兴趣区范围为骨折部位上下 5mm。由于不同
的组织衰减系数范围不一样，我们设定衰减系数范围在 225-330 为新生骨及钙化
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